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Abstract
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Purpose—Prostate cancer patients receiving androgen deprivation therapy (ADT) are at risk of
sleep disturbance; however, the mechanisms by which ADT may affect sleep are not well
understood. This study compared objective and subjective sleep disturbance in ADT recipients and
controls and examined whether sleep disturbance in ADT recipients is attributable to the influence
of ADT on hot flashes and nocturia.
Methods—Prostate cancer patients were assessed before or within one month after starting ADT
as well as 6 months and 12 months later (n=78). Prostate cancer were treated with prostatectomy
only (n=99) and men with no history of cancer (n=108) were assessed at similar intervals.
Participants self-reported their sleep disturbance (Insomnia Severity Index) and interference from
hot flashes (Hot Flash Related Daily Interference Scale). One hundred participants also wore
actigraphs for 3 days at the 6-month assessment to measure objective sleep disturbance and
reported their nocturia frequency.
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Results—ADT recipients reported worse sleep disturbance, higher rates of clinically significant
sleep disturbance, and greater hot flash interference than controls (ps≤.03). In cross-sectional
analyses among those with actigraphy data, ADT recipients had greater objective sleep disturbance
and more episodes of nocturia (ps<.01). Cross-sectional mediation analyses showed that the
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association between ADT and objectively- and subjectively-measured sleep disturbance was partly
attributable to nocturia and hot flashes (ps<.05).
Conclusions—Results suggest that the association between ADT and sleep may be partly
explained by nocturia and hot flash interference. Future studies should examine behavioral and
pharmacologic interventions to address these symptoms among ADT recipients.
Keywords
prostatic neoplasms; antiandrogens; sleep; hot flashes; nocturia
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Numerous studies have shown that androgen deprivation therapy (ADT) for prostate cancer
results in side effects such as hot flashes,1 muscle loss,2 fatigue,3 depression,4, 5 and
cognitive impairment.6, 7 Less research has focused on the effects of ADT on sleep;
however, available data suggest that sleep is a problem in this population. A recent study
found that prostate cancer patients treated with ADT reported significantly worse sleep
disturbance throughout the treatment course, although no significant worsening over time of
sleep disturbance.8 Moreover, night sweats were associated with significantly worse sleep
disturbance among ADT recipients in this study.8 Another study found that symptoms of
testosterone deprivation (e.g., hot flashes, excessive perspiration) to be a significant risk
factor for sleep disturbance.9 Similarly, a longitudinal study reported that sleep disturbance
increased significantly after three months of ADT.10 Only one study could be found that
compared ADT recipients to prostate cancer patients who did not receive ADT. This study
measured self-reported sleep disturbance before starting ADT and during a 16-month
follow-up period.11 ADT recipients reported significant increases in sleep disturbance in the
first 6 months after starting ADT. Although not statistically significant, the rates of clinically
significant sleep disturbance approximately doubled over that period. The impact of ADT on
sleep disturbance was partly attributable to increases in hot flashes and urinary frequency.
These results are consistent with studies of breast cancer patients in which sleep disturbance
is associated with hot flashes.12–14 Nevertheless, studies of sleep in ADT recipients have
been characterized by one or more methodologic limitations, including small sample sizes,
reliance on only subjective measurement of sleep disturbance, the absence of a comparison
group of men without cancer, and use of cross-sectional designs.
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The goal of the current study was to compare objective and subjective sleep disturbance in
prostate cancer patients receiving ADT compared to prostate cancer patients previously
treated with surgery only as well as men without a cancer history. In addition, we examined
the contribution of common side effects of prostate cancer treatment (i.e., nocturia and hot
flashes) to sleep disturbance. We hypothesized that ADT recipients would demonstrate
worse sleep disturbance relative to controls. We also hypothesized that ADT would be
associated with worse nocturia and hot flashes and that the association between ADT and
sleep disturbance would be partly attributable to the influence of ADT on nocturia and hot
flashes.
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Materials and Methods
Participants
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This study constitutes secondary analyses of data from participants who were recruited as
part of a longitudinal study of quality of life in prostate cancer patients treated with ADT.
Details of the eligibility criteria, matching criteria, and study procedures are provided
elsewhere.7 Briefly, all participants were required to: be ≥ 18 years old, be able to speak and
read English, have attained at least a sixth grade education, have no history of stroke, and
have not demonstrated impaired mental status based on screening with the Short Portable
Mental Status Questionnaire (score ≤ 3). ADT recipients were also required to be scheduled
to start ADT or have started ADT within the previous month for nonmetastatic or
asymptomatic metastatic prostate cancer, be scheduled to receive ADT for ≥ 6 months, have
not received treatment for any other cancers in the previous 12 months, have no history of
brain cancers or previous cranial irradiation, and have no history of ADT in the previous 12
months or antiandrogen treatment in the previous 6 months. Prostate cancer patients not
treated with ADT were also required to be diagnosed with nonmetastatic prostate cancer,
have no history of other cancers except nonmelanoma skin cancer, have undergone only a
prostatectomy for prostate cancer, have no history of recurrence since their prostatectomy,
and not be receiving testosterone supplementation. Men with no history of prostate cancer
were also required to have no history of cancer except nonmelanoma skin cancer and not be
receiving testosterone supplementation.
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ADT recipients were matched to prostate cancer patients not receiving ADT on time since
diagnosis. ADT recipients were also matched to prostate cancer patients not receiving ADT
as well as to men with no history of cancer based on age (within 5 years) and educational
level (≤ 12 years, 13 – 16 years, ≥ 17 years).
Procedure
Assessments were completed by ADT recipients before or within one month of starting
ADT as well as 6 and 12 months later. Matched controls completed assessments at similar
intervals. Participants were asked to complete self-report questionnaires at each assessment.
Actigraphy was added to the study later; participants were asked to wear actigraphs for 3
consecutive days at the time of the 6-month assessment. The current analyses are limited to
those participants who provided subjective sleep disturbance data during the 12-month study
(N = 285) and/or actigraphy data at the 6-month assessment (n = 100).
Measures
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Age and race were assessed at baseline via self-report. Medical comorbidities were assessed
using a self-report version of the Charlson Comorbidities Index.15 Baseline Gleason score,
height, and weight were assessed via medical chart review. Baseline body mass index (BMI)
was calculated using standard scoring.16
Subjective sleep disturbance was assessed in the full sample using the Insomnia Severity
Index,17 a valid and reliable measure that is widely used in cancer research.18, 19 Unlike
objective measures of sleep disturbance, this scale assesses subjective difficulty respondents
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have in falling asleep and staying asleep and the impact that their sleep disturbance has on
their daily functioning. Scores range from 0 – 28, and scores ≥ 8 indicate clinically
significant sleep disturbance.18
Hot flash interference was assessed in the full sample using the Hot Flash Related Daily
Interference Scale,20 a 10-item measure that asks respondents to report the interference on
several aspects of functioning associated with hot flashes. This valid and reliable self-report
measure is widely used in prostate cancer research.1, 20–22 Scores range from 0 – 100 with
higher scores indicating greater interference.
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Participants wore Actiwatch Score actigraphs (Philips Respironics, Bend, OR) on their nondominant wrist for 3 days. Actigraphy has been deemed reliable and valid for objective
assessment of sleep.23 Participants were asked to record, upon awakening each morning, the
previous night’s bed time, rising time, and number of times they urinated overnight during
the three-day actigraphy monitoring period. Actigraphy data was used in concert with
participants’ self-reported bedtime and rising time to calculate objective sleep data.
Objective sleep variables included sleep efficiency, sleep onset latency, and sleep duration.
Sleep efficiency is the percentage of time spent trying to sleep that is spent asleep. This
value ranges from 0 – 100% with lower scores indicating greater sleep disturbance. Sleep
onset latency is the amount of time patients spend trying to fall asleep and wake after sleep
onset measures the amount of time spent awake after initially falling asleep at night. Higher
values indicate greater sleep disturbance. Sleep duration is the amount of time spent asleep
at night. Actigraphic data were scored automatically using Actiware (Philips Respironics,
Bend, OR) by a trained study coordinator after establishing rest periods and non-wear time
using participants’ sleep diary data.
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Nocturia was assessed in daily diaries participants completed each morning upon
awakening. Participants indicated the number of times they urinated during the overnight
period. The number of nocturia episodes was retained as a continuous variable for analyses.
Statistical Analyses
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First, descriptive statistics were calculated for demographic factors, Gleason scores,
nocturia, hot flash interference, and sleep disturbance. Next, t-tests, χ2 tests, and Fisher’s
exact tests were conducted to identify sociodemographic and clinical factors that differed
between groups. Main effects of group as well as group-by-time interactions (i.e., group
differences in change over time) in subjective sleep disturbance and hot flash interference
were examined in the full sample using mixed models with PROC MIXED in SAS version
9.4 (SAS Institute, Cary, NC). Change over time in rates of clinically significant sleep
disturbance was examined in the full sample using generalized estimating equation (GEE)
analyses using PROC GENMOD in SAS version 9.4. Mixed models and GEE analyses
allow for use of all available data at each assessment without imputing any missing data.
24, 25 For these analyses, group by time interactions were examined to compare groups on
change over time in outcome variables. Simple effects were examined to compare groups on
outcomes at each assessment.
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All analyses using objective sleep data from actigraphy and nocturia were conducted with
the restricted sample of participants with those data available. In this restricted sample,
ANCOVA analyses were conducted to compare ADT recipients to controls on objective
sleep disturbance and nocturia while controlling for any demographic factors that differed
between groups at p < .10. Lastly, two separate indirect bootstrapping analyses of multiple
mediation were conducted using the PROCESS macro26 version 2.16 to determine whether
nocturia or hot flash interference mediated the association between ADT and those sleep
disturbance variables that differed significantly between ADT recipients and controls at p < .
05. These multiple mediation analyses provide an estimate of the indirect effect of the
mediator as well as a 95% confidence interval. Indirect effects whose confidence intervals
do not include 0 are deemed statistically significant at α = .05. Multiple mediation analyses
were conducted in the subsample with actigraphy data using data from the 6-month
assessment.
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Results
Sociodemographic and clinical characteristics are presented in Table 1.A ADT recipients
reported more medical comorbidities and had higher Gleason scores than the prostate cancer
patients not receiving ADT, were less educated than either control group, were less likely to
be White than controls (ps ≤ .04). Thus, medical comorbidities score, education, and race
were included as covariates in all multivariate analyses. Gleason score was not entered as a
covariate because ADT is typically prescribed for more advanced disease.
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Consistent with previous studies,1, 7 preliminary analyses were conducted to determine
whether the prostate cancer patients not receiving ADT and the men with no history of
prostate cancer could be combined into a single control group. The control groups did not
differ on subjective sleep disturbance (i.e., Insomnia Severity Index scores) or hot flash
interference at any assessment (ps ≥ .18) or on change in these variables over time (ps ≥ .61).
Similarly, in the subset of participants with actigraphy data, the two control groups did not
differ on objective sleep parameters or nocturia (ps ≥ .37; see Supplementary Table 1). Thus,
these two control groups were combined into a single group to improve statistical power and
reduce the number of statistical tests to be performed.
Differences in Sleep Disturbance
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Figures 1 and 2 present data on self-reported sleep disturbance and rates of clinicallysignificant sleep disturbance at each assessment. Longitudinal mixed model analyses
controlling for comorbidities, education, and race demonstrated that ADT recipients
reported worse subjective sleep disturbance over time relative to controls (F = 4.48, p = .03)
and had worse subjective sleep disturbance at each assessment (Fs ≥ 17.82, ps < .001). ADT
recipients also demonstrated a trend towards higher rates of clinically significant sleep

AEleven ADT recipients were assessed on average 2–28 days after ADT (M=9). Twenty-eight ADT recipients received radiotherapy
concurrently with ADT. The significance of group comparisons examining differences in subjective sleep disturbance, objective sleep
disturbance, nocturia, and hot flashes did not change after excluding either the ADT recipients who were assessed after starting ADT
or those who received concurrent radiotherapy. Also, the significance of mediation analyses did not change when excluding either
group of participants. The 20 ADT recipients discontinuing ADT before 12 months did not differ from those continuing to receive
ADT at 12 months on any mediator or outcome variable at 6 or 12 months (ps ≥ .09).
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disturbance over time relative to controls (Z = −1.64, p = .10), and ADT recipients were
more likely to report clinically significant sleep disturbance than controls (Zs ≥ −3.17, ps ≤ .
002; see Figure 2). As reported previously,1 ADT recipients reported greater hot flash
interference over time relative to controls (F = 68.14, p < .001).
Table 2 presents covariate-adjusted group means for objective sleep disturbance and nocturia
among participants with actigraphy data at 6 months. Unadjusted group means are presented
in Supplementary Table 2. After controlling for medical comorbidities, education, and race,
ADT recipients experienced significantly worse wake after sleep onset and nocturia (ps < .
01). No group differences were observed in sleep efficiency, sleep onset latency, or duration
of sleep (ps ≥ .27).
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Potential Mechanisms of The Association Between ADT and Subjective and Objective
Sleep Disturbance
Multiple mediation analyses were conducted to determine whether nocturia and hot flashes
mediated the association between receipt of ADT and greater subjective and objective sleep
disturbance among those with actigraphy data (see Table 3). Nocturia significantly mediated
the association between receipt of ADT with wake after sleep onset (p < .05) but not
subjective sleep disturbance (p > .05) after controlling for medical comorbidities, education,
and race. Hot flash interference significantly mediated the association between receipt of
ADT with subjective sleep disturbance (p < .05) but not wake after sleep onset (p > .05).B

Discussion
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This is the first study to our knowledge to compare objectively- and subjectively-measured
sleep disturbance between men receiving ADT for prostate cancer and controls. Two major
findings warrant discussion. First, we found that, after controlling for relevant covariates,
ADT recipients spent more time awake after the onset of sleep and reported worse subjective
sleep disturbance than matched controls, more episodes of nocturia, and greater hot flash
interference. On average, ADT recipients began with subjective sleep disturbance that was
above the cutoff for clinical significance which increased significantly over time relative to
controls. ADT recipients were also more likely to report clinically significant sleep
disturbance throughout the 12-month study period. This may be attributable to distress in
men with the more advanced disease associated for which they were prescribed ADT.4
Nonetheless, the finding that subjective sleep disturbance significantly worsened over time
relative to controls remains noteworthy. ADT recipients spent more time awake in bed while
trying to sleep, reported more nocturia, and reported worse hot flash interference than men
not receiving ADT. Men receiving ADT also spent more time awake in bed while trying to
sleep. Findings regarding subjective sleep disturbance are consistent with those of previous
studies that reported receipt of ADT is associated with worse sleep disturbance, nocturia,
and hot flashes.1, 27 The finding that men receiving ADT also demonstrate worse objective
wake after sleep onset is new.

BAll relevant analyses were re-run after removing the sleep item in the Hot Flash Related Daily Interference Scale from the total
score, yielding similar results as those reported here.
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The second major finding was that worse sleep disturbance experienced by ADT recipients
may be partly attributable to worse nocturia and hot flashes after receipt of ADT.
Specifically, we found that nocturia mediated the association between ADT and objective
sleep disturbance. In addition, hot flash interference mediated the association between ADT
and subjective sleep disturbance, which accounts for daytime dysfunction unlike objective
measures. These findings may help explain why ADT recipients demonstrated worse wake
after sleep onset but not worse sleep efficiency, sleep onset latency, or sleep duration.
Consistent with previous research on this topic, nocturia28, 29 and vasomotor symptoms28
may have caused overnight awakenings after the initial onset of sleep rather than difficulty
falling asleep or staying asleep. Animal models and human studies have shown that
testosterone, which is drastically reduced among ADT recipients, may play a role in
regulating levels of vasopressin, a key regulator of water reabsorption in the kidneys.30, 31
This study is among the first to examine the contribution of hot flashes and nocturia to sleep
disturbance in men with cancer. However, these findings extend previous research
demonstrating the relationship between hot flashes and sleep disturbance conducted among
breast cancer survivor populations,13, 14, 32, 33 including research objectively measuring both
sleep disturbance and hot flashes.34 These findings may be helpful to clinicians treating
ADT recipients who complain of sleep disturbance. Because many hypnotic medications can
be habit-forming, some ADT recipients may prefer treatments that reduce hot flashes or
nocturia to improve sleep among prostate cancer patients treated with ADT. For example,
some selective serotonin and serotonin-norepinephrine reuptake inhibitors35, 36 have shown
promise in potentially reducing hot flashes among men with prostate cancer. Desmopressin,
an anti-diuretic, has shown promise in reducing nocturia among older men without cancer;37
however, this drug is indicated for nocturia in adults who awaken at least twice per night to
void due to nocturnal polyuria and may not apply to some of the cancer patients described
here.38 In addition, cognitive-behavioral therapy for insomnia has been shown to improve
sleep among cancer populations39 and may also improve vasomotor symptoms.40 Future
research should examine whether treatments to address these potential mechanisms of sleep
disturbance among ADT recipients may improve sleep. This study did not examine
psychosocial factors that have been shown to be exacerbated by ADT as potential mediators
for the association between ADT and sleep disturbance. Future studies should examine
depression, anxiety, and other psychosocial factors that could contribute to better
understanding of why ADT is associated with worse sleep disturbance.
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Strengths of this study include a longitudinal design, use of control groups, and objective as
well as subjective measurement of sleep disturbance. Some limitations of this study should
also be noted. Although this study was the largest to date to examine the association between
ADT and sleep disturbance, the sample size remains relatively small. The sample was
homogeneous with respect to race, which limits the generalizability of these findings. Some
ADT recipients had already begun ADT up to one month before their baseline assessment.
Actigraphic data were calculated automatically and by a single trained study coordinator,
rather than by consensus between two individuals, potentially introducing some error to
actigraphic data. Because actigraphic data were only available at 6 months, we were unable
to control for pre-treatment objective sleep disturbance in the analyses of objective sleep
disturbance at 6 months. Future studies should incorporate longer follow-up periods in order
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to examine whether and when sleep disturbance recovers for ADT recipients. Future studies
should also measure objective sleep for longer than the three-day period used in this study.
The cross-sectional nature of the mediation analyses conducted in this study preclude any
causal inference. It is also possible that participants with worse sleep disturbance were more
likely to be awake to experience and recall episodes of nocturia and hot flashes. The
definition of nocturia used in this study, needing to urinate during the overnight period, was
used as a proxy for the accepted definition of nocturia (waking to urinate41). It is possible
that episodes of nocturia referred to in this study may not have required participants to wake
to urinate. Future studies should ask specifically about episodes in for which participants had
to wake or employ ecological momentary assessment validated against objective sleep
measurement. Nocturia is also associated with racial/ethnic background
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In conclusion, ADT recipients experienced significantly worse nocturia, hot flash
interference, objectively-measured wake time after sleep onset, and subjective sleep
disturbance severity in the 6 months after starting ADT. Also, greater sleep disturbance was
partly attributable to increases in nocturia and hot flashes after starting ADT. Future studies
should explore pharmacologic and behavioral interventions that address these potential
mechanisms by which sleep is worsened in ADT recipients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Subjective Sleep Disturbance

Note: Bold line indicates cutoff score for clinically significant sleep disturbance.
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Figure 2.

Rates of Clinically Significant Sleep Disturbance
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Fisher’s exact test which yields no test statistic.

Note. ADT+ = prostate cancer patients treated with ADT; ADT− = prostate cancer patients not treated with ADT; CA− = men with no history of prostate cancer; SD = standard deviation. p values calculated
using t-tests for continuous variables and χ2 tests or Fisher’s exact tests for categorical variables. Missing values were excluded from analyses. In analyses with cell sizes ≤ 5, p values were calculated using
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Covariate-Adjusted Group Means for Objective Sleep Outcomes and Nocturia at 6 Months After Starting ADT
(n = 100)
ADT+

Controls

M (SE)

M (SE)

F

p

Sleep Efficiency

73.22 (2.20)

74.72 (2.17)

0.45

.50

Wake After Sleep Onset

65.24 (6.15)

47.28 (6.08)

8.30

< .01

Sleep Onset Latency
Sleep Duration
Nocturia

ADT+ vs. Controls

45.43 (7.75)

47.10 (7.66)

0.05

.83

417.29 (17.66)

397.42 (17.47)

1.23

.27

3.28 (0.34)

1.89 (0.33)

16.77

< .001

Note. ADT+ = prostate cancer patients treated with ADT; SE = standard error; F = F-statistic for the main effect of group. Covariate-adjusted
means, SE values, and p values controlling for baseline medical comorbidities, education, and race were calculated using ANCOVA analyses.
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Results of Multiple Mediator Models Testing the Mediation Effects of Nocturia and Hot Flash Interference on
Relationship Between ADT and Sleep Disturbance
Mediator
Outcome

Statistic (95% CI)
Nocturia

Hot Flash Interference

a paths

−1.72* (−2.44, −1.00)

−14.18* (−18.92, −9.44)

b paths

8.43* (5.34, 11.51)

0.01 (−0.46, 0.48)

Wake After Sleep Onset
c′ path

−6.46 (−20.00, 7.07)

Indirect Effect

−14.50* (−26.17, −5.24)

−0.19 (−8.32, 6.53)

a paths

−1.72* (−2.44, −1.00)

−14.18* (−18.92, −9.44)

b paths

0.41 (−0.38, 1.20)

0.22* (0.10, 0.34)

Subjective Sleep Disturbance

Author Manuscript

c′ path
Indirect Effect

−2.51 (−5.96, 0.95)
−0.70 (−2.73, 1.07)

−3.07* (−5.47, −1.16)

Note. a path = associations between predictor (ADT vs. control) and mediator; b path = associations between mediator and outcome; c′ path =
association between predictor and outcome that is independent of the influence of the mediator; CI = confidence interval.
*

p less than .05.

All estimates and CIs calculated using PROCESS macro version 2.16 with 5,000 bootstrap samples. Group membership was coded as ADT
recipients = 1, Control group participants = 2. Negative indirect effects suggest that the association between receipt of ADT and worse sleep
disturbance was mediated by the association between receipt of ADT and worse nocturia or hot flash interference. All analyses controlled for group
differences in medical comorbidities, education, and race.
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